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Przmmy Exammer—-—-—Peter K. Sklff
_ [57] R ABSTRACT

A method of continuously castlng a molten metal in a

‘casting means to obtain a solidified cast bar at a hot-
~ forming temperature, passing the cast metal at a hot-
- forming temperature from the casting means to a hot-

forming means, and hot forming the cast bar into a

~wrought product by a two-stage reduction of its cross-
- sectional area while it is still at a hot-forming tempera-
- ture, including, in the first stage, the step of formlng a
~shell of finely distributed recrystallized grains in the

“surface layers of the cast bar by a selected small amount
- of deformation of the cast bar in its as-cast condition

- prior to the second stage in which substantial reduction
~of its cross-sectional area forms the wrought product. -
"'The shell of fine grains formed on the cast bar during

the first stage of deformation permits substantial reduc-

tion of the cross-sectional area of the cast bar during the

second stage of deformation without the cast bar crack-

. 1ng, even when the cast bar has a hlgh nnpurlty content.

,' '_ 7 Clalms, 5 Dramng Flgures
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METHOD OF HOT- FORMING METALS PRONE
TO CRACK DURING ROLLING

BACKGROUND OF THE INVENTION

The present invention relates to the hot forming of
metals, and more particularly relates to the continuous

N castmg and hot forming of the as-cast bars of certain

impure metals prone to crack during hot-rolling.

It is well known that many metals, such as copper,
may be contmueusly cast, either in stationary vertical
- molds or.in a rotating casting wheel, to obtain a cast bar
which is then immediately hot formed, while in a sub-
'stantlally as-cast condition, by passing the cast bar exit-

ing the mold to and through the roll stands of a rolling-
mill while the cast bar is still at a hot-formlng tempera-

ture. It is also well known that the as-cast structure of
“the metal bar is such that cracking of the cast bar during

" hot forming may be a problem if the cast bar is required
to be dlreetly hot formed into a semi-finished product,
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large nitial reduction of the cross-sectional area of the
cast bar that 1s known to be effective with low impurity

‘metals. Moreover, the greater the percentage of impuri-

ties in the cast bar, the more likely it is that cracks will
occur during hot forming. *

Thus, although there is no requirement for hlgh-
purity electrolytically-refined copper (except for spe-
cialized uses such as magnet wire) it has heretofore been

‘necessary to use such highly refined copper in order to
~be able to use and obtain the many advantages of tan-

- dem continuous casting and hot-forming apparatus. As
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such as redraw rod, during which the initially large -

cross-sectional area of the cast bar is substantially re-
duced by a plurality of deformations along different
axes to provide a much smaller cross-sectional area in
the product |

2

‘While this problem could be avoided by castlng a cast

bar having an initially small cross-sectional area which

‘need not be substantially reduced to provide the desired

- cross-sectional area of the final product, this approach is

~ not commercially practical since high casting outputs,
and therefore low costs, can be readily achieved only

~with cast bars having large cross-sectional areas which
~ are rapidly reduced to the smaller cross-sectional areas

- tions. Thus, the problem of a cast bar cracking during
hot forming must be solved within the commercial

- context of cast bars having initially large cross-sectional

areas which are then hot formed into products having

small cross-sectional areas by a series of reductions 40

which often are substantial enough to cause cracking of
the cast bar under certain conditions. |

 This problem has been overcome in the prior art for
- relatively pure electrolytically-refined copper having

- low impurity levels such as 3-10 ppm lead, 1 ppm bis--

‘muth, and 1 ppm antimony. For example, U.S. Pat. No.
3,317,994, and U.S. Pat. No. 3,672,430 disclose that this
cracking problem can be overcome by conditioning
- such relatively pure copper cast bar by initial large
reductions (e.g. 36%) of the cross-sectional area in the
initial roll stands sufficient to substantially destroy the
as-cast structure of the cast bar. The additional reduc-
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a result, a substantial refining cost is added to the price
of many final copper products even though high purity
is not required to meet conductivity or other specifica-

- tions. For example, fire-refined copper wire having a

moderately high degree of impurities can meet the
TACS conductivity standard for household electrical
wiring and can be produced most economically if the

- rod to be drawn into such wire can be produced using

known continuous casting and hot-forming apparatus.
SUMMARY OF THE INVENTION

The present invention solves the above-described
cracking problem of the prior art by providing a
method of continuously casting and hot forming both
low and high impurity metal without substantial crack-

ing of the cast bar occurring during the hot rolling

process. Generally described, the invention provides, in
a method of continuously casting molten metal to obtain

- a cast bar with a relatively large cross-sectional area,

- of the products, such as 3" diameter rod for drawing

into wire, by a minimum number of severe deforma- 35

and hot forming the cast bar at a hot-forming tempera-

“ture into a product having a relatively small cross-sec-

tional area by a substantial reduction of the cross-sec-
tional area of the cast bar which would be such that the
as-cast structure of the cast bar would be expected to
cause the cast bar to crack, the additional step of first
forming a shell of finely distributed recrystallized grains
at least in the surface layers of the cast bar prior to later
substantial reduction of the cross-sectional area of the
cast bar, said shell being formed by relatively slight

- deformations of the cast bar while at a hot-forming
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temperature. |
- The slight deformations are of magnitude (preferably
5 to 20%) which will not cause the cast bar to crack, but

~which in combination with the hot-forming tempera-
“ture of the cast bar will cause the cast bar to have a shell

of finely distributed recrystallized grains of a thickness

-sufficient (about 10% of total area) to prevent cracking

of the cast bar (even when having moderately high

impurities) during the subsequent substantial deforma-

- tions. The surface shell of fine grains provided by the

~ tions along different axes of deformation, which would

 cause cracking of the cast bar but for the initial destruc-

~ tion of the as-cast structure of the cast bar, may then
- safely be performed. This conditioning of the cast bar
~ not only prevents cracking of the cast bar during hot
- forming but also has the advantage of accomplishing a
- large reduction in the cross-sectional area of the cast bar
while its hot-forming temperature is such as to minimize
 the power required for the reduction.

The prior art has not, however, prowded a solutmn |

to the cracking problem described above for metals,

- such as fire-refined copper, containing a high degree'of

'; 1mpur1t1es ‘This is because the large amount of impuri-
ties in the grain boundanes of the as-cast structure cause

B ~ the cast bar to crack when an attempt is made to sub-
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invention allows substantial reduction of the cross-sec-
tional area of the bar in a subsequent pass, even in excess
of 40%, without cracking occurring and even though
the cast bar has a relatively high amount of impurities.

For example, the present invention allows a copper

- cast bar having a cross-sectional area of 5 square inches,
or more, and containing as much as 50-200 ppm of

impurities, such as lead, bismuth, iron and antimony, to

“be continuously hot formed into wrought copper rod

having a cross-section area of 4 square inch, or less,

~ without cracking.

65

Furthermore, the invention has wide general utility
since it can also be used with certain over relatively

~impure metals as an alternative to the solution to the
- problem of cracking described in U.S. Pat. No.

stantially destroy the as-cast structure with the same

3,317,994, and US Pat. No. 3,672,430.
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Thus, it 1s an object of the present invention to pro-
vide an improved method of continuously casting a
molten metal to obtain a cast bar and continuously hot
forming the cast bar into a product having a cross-sec-
tional area substantially less than that of the cast bar
without cracking of the cast bar occurring during hot
forming.

It is further object of the present invention to provide
a method of continuously casting and hot-forming metal

containing a relatively high percentage of impurities
without using specially shaped reduction rolls in the
hot-rolling mill or other complex rolling procedures.

It 1s a further object of the present invention to pro-
vide a method whereby a cast bar may be efficiently
hot-formed using fewer roll stands following condition-
ing of the cast metal by first forming a shell of finely
distributed recrystallized grains at the surface of the
cast metal, then hot rolling the modified structure by
successive heavy deformations.

It 1s a further object of the present invention to pro-
vide a method for continuously casting and hot-forming
fire-refined copper having in excess of 50 ppm impuri-
ties.

Further objects, features and advantages of the pres-
ent invention will become apparent upon reading the
following specification when taken in conjunction with
the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1'1s a schematic representation of casting and
forming apparatus for practicing the method of the
present invention.

FIG. 2 18 a cross-section of a cast bar in substantially

an as-cast condition (in this case with columnar grains).
- FIG. 3 1s a cross-section of the cast bar shown in FIG.
2 following one slight reduction of the cross-section.
- FIG. 41s a cross-section of the cast bar shown in FIG.
2 following two perpendicular slight compressions to
form a complete shell of finely distributed grains near
the surface of the bar.

FIG. § is a cross-section of the cast bar shown in FIG.
2 following two slight compressions and one severe
hot-forming compression.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawing, in which like numerals
refer to like parts throughout the several views, FIG. 1
schematically depicts an apparatus for practicing the
method of the present invention. The continuous cast-
ing and hot-forming system (10) includes a casting ma-
chine (12) which includes a casting wheel (14) having a
peripheral groove therein, a flexible band (16) carried
by a plurality of guide wheels (17) which bias the flexi-
ble band (16) against the casting wheel (14) for a portion
~ of the circumference of the casting wheel (14) to cover
the peripheral groove and form a mold between the
band (16) and the casting wheel (14). As molten metal 1s
poured into the mold through the pouring spout (19),
the casting wheel (14) 1s rotated and the band (16)
moves with the casting wheel (14) to form a moving
mold. A cooling system (not shown) within the casting
machine (12) causes the molten metal to solidify in the
mold and to exit the casting wheel (14) as a solid cast
bar (20). | |

From the casting machine (12), the cast bar (20)
passes through a conditioning means (21), which in-
cludes roll stands (22) and (23). The conditioning roll
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stands (22) and (23) lightly compress the bar which
recrystallizes 1in the area compressed to form a shell of
finely distributed grain structure at the surface of the
bar (20). After conditioning, the bar (20) is passed
through a conventional rolling mill (24), which includes
a plurality of roll stands (25), (26), (27) and (28). The
roll stands of the rolling mill (24) provide the primary

hot forming of the cast bar by compressing the condi-
tioned bar sequentially until the bar is reduced to a

desired cross-sectional size and shape.

The grain structure of the cast bar (20) as it exits from
the casting machine (12) is shown in FIG. 2. The molten
metal solidifies in the casting machine in a fashion that
can be columnar, or equiaxed, or both, depending on
the cooling rate. This as-cast structure can be character-
ized by large grains (30) extending radially from the
surfaces of. the bar (if columnar) and separated from
each other by grain boundaries (31). Most of the impuri-
ties present in the cast bar are located along the grain
and dendrite boundaries (31). If the molten copper
poured through the spout (19) into the casting wheel
(14) were only fire-refined, and not electrolytically-
refined, and the cast bar (20) was passed immediately to
the rolling mill (24) without passing through the condi-
tioning means (21), the impurities along the boundaries
(31) of the cast bar (20) would cause the cast bar to
crack at the boundaries upon deformation by the roll
stands of the rolling mill (24) when following the teach-
ings of the prior art as illustrated in U.S. Pat. No.
3,317,994,

The conditioning means (21) of the present invention
prevents such cracking by providing a sequence of
preliminary light compressions as shown in FIG. 3 and
FIG. 4, wherein the result of a compression 1s shown
and the previous shape of the cast bar is shown in bro-
ken lines. FIG. 3 shows the result of a 7% reduction
provided by the roll stand (22) along a horizontal axis of
compression (33). The columnar and/or equiaxed as-
cast grain structure of the cast metal has been recrystal-
lized into a layer of equiaxed grains (35) covering a
portion of the surface of the cast bar (20). The interior
of the bar may still have an as-cast structure.

In FIG. 4 the bar (20) has been subjected to a second
7% reduction by the roll stand (23) along a vertical axis
of compression (33) perpendicular to the axis of com-
pression of roll stand (22). The volume of recrystallized
finely distributed grains (35) now forms a shell (36)
around the entire surface of the bar (20), although the
interior of the bar retains some as-cast structure.

It will be understood that the formation of the shell
may be accomplished by a conditioning means compris-
ing any number of roll stands, preferably at least two, or
any other type of forming tools, such as extrusion dies,
multiple forging hammers, etc., so long as the prelimi-
nary light deformation of the metal results in a shell of
recrystallized grains covering substantially the entire
surface of the bar, or at least the areas subject to crack-
ing when subject to the first heavy reduction.

The individual slight compressions should be be-
tween 5-20% reduction for example about 7% to 10%,
so as not to crack the bar during conditioning. The total
deformation provided by the conditioning means (21)
must provide a shell (36) of sufficient depth (at least
about 10%) to prevent cracking of the bar during subse-
quent severe deformation of the bar when passing
through the roll stands (25-28) of the rolling mill (24).

When the shape of the bar in its as-cast condition
includes prominent corners such as those of the bar
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shown in; FIG 2, the shape of the compressing surfaces

‘in the roll stands (22) and (23) may be designed to avoid

excessive compression of the corner areas as compared
to the other surfaces of the cast bar, so that cracking
will not result as the corners during conditioning.

FIG. 5 shows a cross-section of the cast bar (20)

- following a substantial reduction of the cross-sectional
area by the first roil stand (25) of the rolling mill (24).
The remaining as-cast structure in the interior of the bar
. (20) has been recrysta]llzed to form ﬁnely dtstrzbuted

~ equiaxed grains (35). | |

- When a shell (36) has been formed on the surface of
the bar (20), a high reduction may be taken at the first
roll stand (25) of the rolling mill (24). It has been found
- that such initial hot-forming eompressmn may be in
excess of 40% followmg conditioning according to the

14,352,697
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- either a separate component of the system or may be

3

constructed as an integral part of a rolling mill.
‘While this invention has been described in detail with

‘particular reference to preferred embodiments thereof,
it will be understood that variations and modifications

- can be effected within the spirit and scope of the inven-

10

_.tlon as described hereln before and as defined in the

appended claims.

What is claimed is:

1. A method for hot rolling, directly inline Wlth a
continuous caster, a continuous bar of high impurity
e()pp'er without cracking said bar during heavy reduc-
tion from the predommately as cast condition, comprls-

- ing:

15

present invention. The ability to use very high reduc- - .

tions durlng subsequent hot—formmg means that the
~ desired ﬁnal cross-sectional size and. shape may be
reached using a rolling mill having a few roll stands.

20

Thus, even though a condltlomng means according to

- the present invention requires one or two roll stands,
~ the total amount and therefore cost of the condltlonmg

- :and hot-forming apparatus may be reduced.

- ous casting and rolling of high impurity metals, such as

fire-refined copper generally including from 50 to 200
30

ppm lead, bismuth, iron and antimony without cracking

| - the bar. Furthermore, cracking is prevented throughout
 the. hot-formmg temperature range of the metal. In
~ addition, the method of the present invention is effec-

tive for processmg electrolyttcally-reﬁned copper as

25

-The method of the present invention allows centlnu- -

o well. Thus, the same casting and hot-formmg apparatus 3

may be used to produce metals of varying purity de-

- pending on the standards which must be met for a par-
- ticular product It is not longer necessary to add the

-~ cost of additional refining to the cost of the final prod-

uct when a hlghly pure product is not spec:lﬁcally re-
quired.

Ifitis des:red to reduce even further the poss1b111ty of

~ cracking, elhptlcally shaped rolling channels may be

| prowded for all of the roll stands (22), (23), and (25-28)

~in order to prowde optimal tangetial velocities of the

rolls in the roll stands with respect to the cast metal, as

~ disclosed in U.S. Pat. No. 3,317,994. However, such

(a) providing as a starting material, a molten flow of
high impurity copper; then

~ (b) continuously casting said mdlten flow into a con-
tinuous bar and directing the advancing solidified
bar to an 1n1me continuous hot rolling mill, said bar
~being in the as cast condition and at a hot-forming
temperature; then

- (¢) conditioning said bar immediately preeedent to
sub_]ectmg said bar to heavy reduction in said roll-
ing mill, said conditioning being characterized in
that said bar is preliminarily subjected to llght re-
duction sufficient to cause recrystallization in a
relatively thin surface shell within said bar but
otherwise 'leaving said bar in a predomlnately as
-~ cast condition; and then

(d) subjecting said bar to heavy reduction in at least

~ the first roll stand following conditioning, said
heavy reduction being sufficient to cause substan-
tially complete recrystallization throughout the

- entire cross-section of said bar after conditioning. |

~ 2. The method of claim 1 wherein said high impurity

copper contains at least about 50 ppm impurities.
3. The method of claim 2 wherein said impurities are

" in the range of about 50 to 200 ppm of one or more of

40

the impurities lead, bismuth, iron, and antimony.
4. The method of claim 3 wherein the cross-sectional

. area of said surface shell resulting from step (c) consti-
~ tutes about 10% of the cross-sectional area of said bar.

' 5. The method of claim 1, 2, 3, or 4 wherein the cu-

- mulative reduction of the bar cross-section during said

45

- measures are usually not needed to avoid cracking if the

- present invention is practiced as described herein on
- metals having impurity levels as described above..

- Itwill be understood by those skilled in the art that

N the rol] stands of the eondltlonlng means (21) may be

50

conditioning is in the range of about 5 to 20%.

6. The method of claim § wherein said conditioning
further eomprlses a first reduction of about 7% along a
first axis of compression and a second reduction of
about 7% along a second axis of compression being 90°
removed from said first axis.

7. The method of claim 5§ wherein said heavy reduc-

~ tion of step (d) is at least about 40%.
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